BACKGROUND AND PURPOSE: Endovascular treatments are being increasingly used in acute ischemic stroke, and better tools are needed to determine which patients may benefit most from these techniques. We hypothesized that specific chronic diseases can be used, along with age and stroke severity, to predict endovascular stroke treatment outcomes.
ndovascular stroke treatments are being increasingly used for acute ischemic stroke. Although the randomized controlled trial PROACT II 1 stands as a proof of the principle that vessel recanalization by endovascular stroke treatment should be beneficial, current methods for endovascular stroke treatment (mechanical thrombectomy and intra-arterial tPA treatment) remain untested at the randomized clinical trial level. The single-arm MERCI and Multi MERCI trials showed the independent association of vessel recanalization with improved clinical outcomes, across all vessel targets and controlling for patient factors known to influence poststroke outcome such as age and stroke severity. [2] [3] [4] [5] [6] When MERCI and Multi MERCI patients who would have been eligible for PRO-ACT II were compared with the treatment arm of PROACT II, the MERCI and Multi MERCI outcomes compared favorably. 7 There is a need to better define the population of patients who might benefit most from endovascular stroke treatment. Decisions regarding patient eligibility for endovascular treatment are complex and often influenced by patient age and the presence of medical comorbidities. With this in mind, we used data from the MERCI and Multi MERCI trials to test whether the burden of specific chronic diseases can be used, along with age and stroke severity, to build a score that predicts outcomes among patients undergoing endovascular stroke treatment.
Materials and Methods
Data for our analyses were derived from 2 trials of the Merci retriever (Concentric Medical, Mountain View, California): the MERCI trial and the Multi MERCI trial. The details of the trial structure for MERCI and Multi MERCI were very similar and have been described in detail elsewhere.
2,3

Patients and Techniques
Both MERCI and Multi MERCI were single-arm multicenter trials. 2, 3 The major difference between MERCI and Multi MERCI was that Multi MERCI allowed inclusion of both intravenous tPAϪineligible and intravenous tPAϪtreated patients. 2 Details of patient enrollment in MERCI and Multi MERCI, including inclusion and exclusion criteria, have been previously described. 
Statistical Analysis
Categoric data in contingency tables were analyzed by the Fisher exact test. For contingency tables with an ordinal predictor variable and a dichotomous outcome variable, the Mantel-Haenszel 2 test for trend of odds was used. Univariable analyses were performed for each of 7 chronic disease states to examine the association with good outcome (mRS 0 -2) at 90 days. Multivariable models were built by using logistic regression and binomial GLM for dichotomous outcomes (eg, good-versus-poor outcome) and ordinal logistic regression for ordinal outcomes (mRS 0 through 6). All multivariable models in the present analysis used simultaneous variable entry. For both the CDS and the THRIVE score (see text for definitions), the relative weighting of individual components of each was determined from the relative change of the OR of the variables from unity in the appropriate multivariable model. Cut points used for the NIHSS were chosen to produce reasonable categories of mild (Յ10), moderate (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , and severe (Ն21) strokes for the patient population with large artery occlusions included in MERCI and Multi MERCI, with rounding of the cut point to the nearest decade of NIHSS to facilitate easy recall. Cutpoints for age (Յ59, 60 -79, Ն80 years) were chosen to approximate the tertiles of age in the dataset, with rounding to the nearest decade of age to facilitate easy recall. To evaluate whether addition of the CDS improves the multivariable model of good outcome, we used Pseudo-R 2 and ROC AUC to compare logistic regression models with and without the CDS. All statistical analyses were performed by using STATA/SE, Version 10.0 (StataCorp, College Station, Texas). The MERCI and Multi MERCI trials received institutional review board approvals from the institutions involved in the conduct of these 2 clinical trials. No protected health information was transmitted from Concentric Medical to the authors of the present study.
Results
To explore the relationship between chronic diseases and clinical outcomes among patients undergoing endovascular stroke treatment, we combined the 2 largest published datasets, the MERCI and Multi MERCI trials, 2-4 with a total of 305 patients. We first performed univariable analyses exploring the relationship between 7 chronic health conditions and the odds of good outcome (mRS 0 -2 at 90 days poststroke). Table  1 shows the percentage of patients with each of these 7 chronic health conditions according to clinical outcome at 90 days (poor outcome of mRS 3-6 versus good outcome of mRS 0 -2) and the corresponding ORs for each condition. Of the 7 health conditions, only HTN, DM, and AFib had a statistically significant association with outcome at 90 days. Each of these 3 chronic health conditions had an OR for good outcome of approximately 0.5 in univariable analysis.
When these 3 conditions (HTN, DM, and AFib) were examined in multivariable logistic regression modeling good outcome at 90 days, the point estimates for the ORs were not substantially altered (Table 1) . Because each condition is associated with a reduction in the point estimate of the odds of good outcome by approximately half, we created a CDS in which the presence of each chronic health condition is weighted equally on a 0-to 3-point scale. Each increased level of CDS is associated with a significantly decreased chance of good outcome (Fig 1) . Good outcomes were seen in the following percentages of patients at each level of the CDS: 50.9% at 0 points, 34.0% at 1 point, 26.9% at 2 points, and 12.0% at 3 points (P Ͻ .001, Mantel-Haenszel 2 test). Multivariable logistic regression with each level of the CDS modeling good outcome confirms that increasing levels of the CDS are independently associated with reduced odds of a good outcome (on-line Table) . Ordinal logistic regression modeling the full range of mRS (0 -6) shows that each increased level of the CDS is associated with an OR of 1.59 for each increased level of the mRS (P Ͻ .001).
Because other studies have found that hyperglycemia on initial glucose measurement at acute stroke presentation is associated with poor outcome after endovascular stroke treatment, 9 we also examined whether admission hyperglycemia yielded different results from a history of DM. When DM was replaced in the above analyses with admission hyperglycemia (glucose Ͼ 150 mg/dL 9 ) the results were not substantially altered (data not shown).
We next asked whether the CDS predicts clinical outcome independent of other factors known to be associated with outcome after endovascular stroke treatment such as age, NIHSS at presentation, and vessel recanalization. [2] [3] [4] 10 A multivariable logistic regression model of good outcome that includes age, NIHSS, vessel recanalization, and the CDS shows that each of these variables is independently associated with clinical outcome at 90 days (Table 2) . Each level of the CDS is associated with a reduction in the odds of a good outcome by approximately one-third, after controlling for the effects of age, NIHSS, and vessel recanalization. Finally, we investigated whether adding information on chronic diseases improved prediction of good outcome, net of the usual predictors (age and NIHSS). Table 3 includes 2 measures of fit for the 2 models as well as the contributions of each of the 3 predictor variables (age, NIHSS, and CDS). When CDS is added, model fit improves by both measures: the Pseudo-R 2 increases from 0.0804 to 0.0928 and the ROC AUC increases from 0.683 to 0.709.
We then constructed a broader score, the THRIVE score, to predict outcomes among patients undergoing endovascular stroke treatment. To create a simple-to-use scoring system, we trichotomized the variables age and NIHSS (Table 4) . When trichotomized age (Յ59, 60 -79, and Ն80 years), trichotomized NIHSS (Յ10, 11-20, and Ն21), and the CDS are entered into a logistic regression model of good outcome at 90 days, the OR point estimates reflect a relative 2-fold impact of each level of the trichotomized NIHSS (OR ϭ 0.388) and a relative 1-fold impact of each level of trichotomized age (OR ϭ 0.724) and the CDS (OR ϭ 0.683). Negative binomial regression to yield independent relative risks for each variable in association with good outcome confirmed the relative impact of these 3 variables (trichotomized NIHSS RR ϭ 0.657, trichotomized age RR ϭ 0.835, and CDS RR ϭ 0.822). The THRIVE score was, therefore, constructed to assign 2 points for each level of the trichotomized NIHSS, 1 point for each level of trichotomized age and 1 point for each level of the CDS ( Table 4 ).
The THRIVE score strongly predicts outcomes among patients undergoing endovascular stroke treatment (Fig 2) . Patients with a low THRIVE score of 0 -2 had good outcomes in 64.7% of cases, patients with a moderate THRIVE score of 3-5 had good outcomes in 43.5% of cases, and patients with a high THRIVE score of 6 -9 had good outcomes in 10.6% of cases (Fig 2A; P Ͻ .001, Mantel-Haenszel 2 test). Patients with a low THRIVE score of 0 -2 had a mortality rate of 5.9% by 90 days, patients with a moderate THRIVE score of 3-5 had a mortality rate of 30.1% by 90 days, and patients with a high THRIVE score of 6 -9 had a mortality rate of 56.4% by 90 days (Fig 2B; P Ͻ .001, Mantel-Haenszel 2 test). The strong association of THRIVE score with the range of clinical outcomes measured by the mRS is shown in Fig 2C, in which the range of mRS scores is shown for 3 strata of the THRIVE score (0 -2, 3-5, and 6 -9). In ordinal logistic regression modeling the full range of the mRS (0 -6), each increased level of the THRIVE score is associated with an OR of 1.47 for each increased level of the mRS (P Ͻ .001).
The independent association of THRIVE score and vessel recanalization with good outcome was seen in multivariable logistic regression, in which the OR for good outcome for each level of the THRIVE score was 0.608 and the OR for good outcome for successful recanalization was 20.99 (P Ͻ .001 for both variables). In ordinal logistic regression modeling the full range of the mRS with both the THRIVE score and recanalization in the model, the OR for each level of increased mRS for each level of increased THRIVE score was 1.518, while the OR for each level of increased mRS for successful recanalization was 0.182.
The THRIVE score is associated with outcome in patients who had successful vessel recanalization as well as those who did not have successful recanalization. Among patients with successful recanalization, those with a low THRIVE score of 0 -2 had good outcomes in 82.6% of cases, those with a moderate THRIVE score of 3-5 had good outcomes in 60.0% of cases, and those with a high THRIVE score of 6 -9 had a good outcome in 18.5% of cases (P Ͻ .001, Mantel-Haenszel 2 test). Among patients without successful recanalization, those with a low THRIVE score of 0 -2 had good outcomes in 27.3% of cases, those with a moderate THRIVE score of 3-5 had good outcomes in 6.9% of cases, and those with a high THRIVE score of 6 -9 had a good outcome in 0% of cases (P ϭ .001, Mantel-Haenszel 2 test). Among patients with successful recanalization, those with a low THRIVE score of 0 -2 had a mortality rate of 0% by 90 days, those with a moderate THRIVE score of 3-5 had a mortality rate of 19.4% by 90 days, and those with a high THRIVE score of 6 -9 had a mortality rate of 48.5% by 90 days (P Ͻ .001, Mantel-Haenszel 2 test). Among patients without successful recanalization, those with a low THRIVE score of 0 -2 had a mortality rate of 18.2% by 90 days, those with a moderate THRIVE score of 3-5 had a mortality rate of 53.3% by 90 days, and those with a high THRIVE score of 6 -9 had a mortality rate of 67.4% by 90 days (P ϭ .004, Mantel-Haenszel 2 test).
Discussion
Our analyses show that among patients undergoing endovascular stroke treatment in the MERCI and Multi MERCI trials, the THRIVE score strongly predicts 90-day clinical outcomes. If validated in future analyses, the THRIVE score may prove useful in improving patient selection in clinical trials and in clinical practice. The CDS, an evenly weighted 3-point score encompassing a history of HTN, DM, and Afib, is associated with 90-day outcomes, independent of factors such as age, stroke severity, and successful vessel recanalization. When the CDS is added to a logistic regression model containing age and NIHSS, the relationship between age and good outcome is weakened (Table 3) ; this finding suggests that the impact of age on good outcome in this population might be partially accounted for by the accumulation of chronic disease burden as a function of age. Moreover, the net change in the odds of a good outcome as one moves from 1 level of the CDS to the next is about the same as the change associated with moving from 1 age category to the next. In other words, knowing about comorbidities may significantly improve the clinician's ability to predict how well a patient will do after endovascular stroke treatment. It may, therefore, be wise to avoid considering age alone, without factoring in chronic disease burden, in making decisions regarding endovascular stroke treatment. The general theme of a scoring system for burden of chronic health conditions may be of relevance to predict outcomes in other situations, such as ischemic stroke in general or in other diagnoses. However, the CDS developed here should be considered specific to prediction of outcome in the endovascular stroke patient population until it is further explored in other contexts.
Many modifiable and nonmodifiable factors measurable at admission have been shown to influence clinical outcomes following acute ischemic stroke. 10 Modifiable predictors of outcome include vessel recanalization, blood pressure, glucose level, patient temperature, and care in an organized stroke unit. 10 Nonmodifiable predictors of outcome include age, initial stroke severity, stroke territory and subtype, imaging findings, and medical comorbidities. 10 The association of the THRIVE score with outcome appears to be strong, but it must be interpreted in the broader context of this long list of predictive factors.
The strengths of our analyses include the use of clinical trial data with strict inclusion criteria and adjudication of patient data and end points, the long-term outcomes of mRS and mortality at 90 days, and the generation of a clinical predictive score with 10 levels, which yields a level of granularity that may prove useful if the THRIVE score is adopted into research or clinical use. The generation of the scoring systems by multivariable logistic regression and weighting by relative ORs derived from a reasonable-sized cohort may also make these scores more robust when applied to other datasets.
The weaknesses of our analyses include the lack of imaging data and the use of data from trials of only 1 type of endovascular stroke treatment (the Merci retriever). The clinical comorbidities recorded in MERCI and Multi MERCI were limited to the variables explored in the present analysis (Table  1) -there may be other clinically important comorbidities among patients undergoing endovascular stroke treatment that could contribute to clinical outcomes, such as pre-existing dementia or other medical conditions not recorded in these trials. The THRIVE score will require confirmation as a predictive tool by using a separate endovascular stroke-treatment cohort for validation. If the THRIVE score is validated, it will be important to explore in other datasets the relationships between the THRIVE score and other possible predictive factors, such as ASPECTS, CT or MR perfusion data, and admission temperature. It will also be important to test the generalizability of the THRIVE score to patients undergoing other types of stroke treatment such as intravenous tPA, intra-arterial thrombolysis, 1, 11 or use of the Penumbra System (Penumbra, Alameda, California) clot aspiration catheter. 12 Other approaches to predict outcome among patients undergoing endovascular stroke treatment have been explored. For example, analysis of early ischemic changes on admission noncontrast head CT by using the ASPECTS predicted outcome among patients in the PROACT-II study of intra-arterial prourokinase. 13 A 3-point score encompassing age, NIHSS, and admission hyperglycemia that predicts poor outcome by the time of hospital discharge was recently developed and validated. 9 Of the 3 variables included in this score, age and NIHSS are included in the THRIVE score, and admission hyperglycemia was found to have an effect in the CDS similar to a Age trichotomized as shown in Table 4 . b NIHSS trichotomized as shown in Table 4 . c See Table 4 . DM. It remains to be determined whether imaging data (such as ASPECTS or data from advanced neuroimaging techniques to visualize territory at risk such as MR perfusion or CT perfusion) might enhance the predictive power of the THRIVE score.
Conclusions
Age, NIHSS, and specific chronic diseases (HTN, DM, and AFib) contribute important information to the prediction of outcome after endovascular stroke treatment. The THRIVE score, a simple-to-use score that incorporates age, NIHSS, and chronic disease burden, may be useful in comparing patients across endovascular stroke treatment cohorts and in clinical trials. With further validation and potential use in the context of trials, the THRIVE score may become useful as a tool to enhance patient selection for endovascular stroke treatment. A THRIVE score calculator with associated outcomes can be accessed online. 14 
